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The intermediate medial mesopallium
Reward-related learning
Day-old chicksIn the avian forebrain, themedial striatumand the intermediatemedialmesopalliumare thought to be important
structures for associative learning in chicks, where the role of dopaminergic systems in learning processes has
been veriﬁed in various behavioral paradigms, such as one-trial passive avoidance learning. However, it is not yet
clear whether the dopaminergic system of these regions is responsible for associative learning underlying cue-
elicited drug reward. In this study, a 6-day conditioning schedule in day-old chickswith i.p. morphine (2 mg/kg)
was used to compare the effects of intracerebrally injected dopamine D1 receptor antagonist, SCH23390, and D2
antagonist, spiperone. The antagonists were injected bilaterally (3 µg/site) into either themedial striatum or the
intermediatemedialmesopallium, and testswere conductedonmorphine-induced conditioned place preference
or locomotor activity. The acquisition of place preference was signiﬁcantly inhibited by SCH23390 in either the
medial striatumor the intermediatemedialmesopallium, but not by spiperone. However, in themedial striatum,
but not in the intermediate medial mesopallium, the locomotor activity was blocked by both SCH23390 and
spiperone. These data suggest that the medial striatum and the intermediate medial mesopallium in birds are
differentially involved in the rewarding effects of morphine, and similarly to mammals, the dopamine D1 system
may play an important role in the development of opiate reward.
Crown Copyright © 2009 Published by Elsevier B.V. All rights reserved.1. Introduction
It iswell known that learningandmemoryhave an important impact
on morphine dependence and tolerance (Li et al., 2008; Zhai et al.,
2008). An increasing body of behavioral literature shows that dopamine
modulates learning and memory-related processes across a number of
species and learning paradigms (Floresco and Phillips, 2001; Herold
et al., 2008; Zarrindast et al., 2008). Dopamine can bind to two distinct
receptors that are dichotomized into D1-like (D1 and D5) and D2-like
subfamilies (D2, D3 and D4). In the avian forebrain, the medial striatum
and the intermediate medial mesopallium are crucial regions for
learning and memory, where dopamine receptors (D1 and D2) have
beenwidely studied, especially in chicks (Csillag, 1999;Durstewitz et al.,
1999).
Conditioned place preference is one of the more popular models for
investigating the rewarding properties of drugs (Carr et al., 1989). On
the other hand, it is a learning paradigm in which stimuli associatedstitute of Psychology, Chinese
yang District, 100101, Beijing,
0.
09 Published by Elsevier B.V. All rigwith rewarding effects elicit approach behavior. Thus there may exist a
certain correlationbetweendrug rewardand somekinds of learningand
memory (Xu et al., 2001). Chicks of precocial birds have been often used
as models of associative learning (Matsushima et al., 2003). Unlike the
rodents with a relatively poor visual capacity, the chicks have highly
evolved visual systemwhich has been successfully utilized in establish-
ing visually based conditioned place preference (Hughes et al., 1995).
This may offer some advantages in modeling conditioned drug effects
that are obtained when visual drug-associated stimuli are presented to
humans in a controlled laboratory setting (Bardo and Bevins, 2000).
Moreover, although the gross structure of avian and mammalian brains
is radically different, there is evidence that there are connectional
similarities in the brains of these two taxa which may explain their
similar behavior and cognition (Emery, 2006). So, it may serve as
excellent model system to investigate the effects and mechanisms of
drugs of abuse. It is well known that dopaminergic D1 receptors play a
particularly active role in the kind of reward-related learning that is
implicated in the acquisition of morphine-induced conditioned place
preference (Beninger andMiller, 1998; Rezayof et al., 2003; Sigala et al.,
1997). In chick brain, the medial striatum is known to be important for
the reinforcement of behavior and the anticipation of reward proximity
(Balint et al., 2004; Izawa et al., 2002; Izawa et al., 2003; Yanagiharahts reserved.
Fig. 1. Injection locations for the two sites are described in the text. For simplicity, the
sites for both the medial striatum and the intermediate medial mesopallium are
respectively mapped onto 10.6- and 7.8-mm anterior bilateral-side brain section
drawings (Kuenzel and Masson, 1988), and the actual site locations spread between
0.5 mm more posterior and 0.5 mm more anterior. E=ectostriatum; PA=paleo-
striatum augmentatum; NI=neostriatum intermedium; LH=lamina hyperstriatica.
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mesopallium in such phenomena, because lesions in this structure
disrupt stimulus–reward associations and prevent chicks from demon-
stratinganypreference for the reinforcingobject (AwayaandWatanabe,
2003; Johnson and Horn, 1986).
In light of this information,we postulate that dopamine systems in the
medial striatum and/or the intermediate medial mesopallium of chick
forebrain may be important for the rewarding effects of morphine. The
present study investigated morphine reward with the conditioned place
preference paradigm inday-old chicks treatedwith speciﬁc antagonists of
dopamine D1 or D2 receptors, SCH23390 (R(+) -7-chloro-8-hydroxyl-3-
methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrochloride)
or spiperone (8-[3-(p-Fluorobenzoyl)propyl]-1-phenyl-1,3,8-triazaspiro
[4.5]decan-4-one), respectively, microinjected into the medial striatum
and the intermediate medial mesopallium.
2. Materials and Methods
2.1. Animal and housing
Day-old male “Beijing white 939” chicks, weighing 40±5 g, were
commercially obtained from Beijing Brood Chick Company. All the
chicks were housed in a colony room on an artiﬁcial light–dark cycle
(lights on from 7a.m. to 7 p.m.) with constant temperature (28–30 °C)
and humidity (55–65%), andwere allowed free access to food andwater
inside stainless metal mesh cages (25 cm×22.5 cm×30 cm; ten chicks
per cage). All were adapted to laboratory conditions for at least 1 week
before experiment. Each chick was used only once. The experimental
protocol and procedure were carried out in accordance with the
requirements of the National Institutes of Health Guide for Care and Use
of Laboratory Animal (Publication No. 85-23, revised 1985).
2.2. Apparatus
Place conditioning was conducted in four identical black Perspex
boxes, measuring 60cm×30cm×30 cm (l×w×h). Each box was
divided into two conditioning chambers of the same size by insertion
of a vertical black Perspex divider. The two conditioning chambers had
distinct ﬂoor colors: one green, the other red. During the conditioning
phase, the divider was inserted to restrict the chick to the designed
conditioning environment. A video camera was suspended from the
ceiling to record the animal loci in the chambers simultaneously, and
data were collected automatically. During conditioning and testing, the
room was maintained at 28–30 °C and illuminated by four 60 W light
bulbs hanging from the ceiling. All experiments were carried out
between 8a.m. and 4p.m., in the light phase of the cycle.
2.3. Drug preparation and i.c. administration
The drugs used in the present experiment were morphine
hydrochloride (Qinghai Pharmacological Co. Ltd, China), SCH23390
and spiperone (Sigma chemical Co, USA). Morphine was dissolved in
0.9% sterile saline; at a concentration of 1.0 mg/ml and injected
intraperitoneally at a volume of 2 ml/kg body weight. SCH23390 and
spiperone were dissolved in artiﬁcial CSF (aCSF) at a concentration of
3 μg/μl and given i.c. in a volume of 1 μl/site. Because dopamine
antagonists, and SCH23390 particularly, can induce sedation andmotor
impairments at higher doses (Lublin et al., 1993;Motles et al., 1993),we
gave both drugs at 3 μg/μl, in a dosepreviously found to blockbehavioral
sensitization by i.c. apomorphine without causing motor or motiva-
tional defects (Acerbo and Delius, 2004). All drugs were dissolved just
before the experiment. Control animals received saline.
Intracerebral injectionsweremadewithHamiltonmicro-syringes as
described previously (Kabai et al., 2004). Head holderswere adjusted to
direct injections into the medial striatum or the intermediate medial
mesopallium. Injection siteswere examined in a representative series ofchicks with pontamine sky blue and found to cluster closely over the
intended locations before launching the main experiments, at the
stereotaxic coordinates for the medial striatum A 10.6 mm, L 1.2 mm,
D 3.2 mm and for the intermediate medial mesopallium 7.8 mm,
1.0 mm and 7.5 mm from the Kuenzel and Masson (1988) chick brain
atlas. SCH23390 or spiperone in 3-μg doses (1 μl volume delivered over
1 min) were delivered into both right and left hemispheres 15 min
before the injection of morphine (three sessions) (Fig. 1). The chicks
were given a further 15 min habituation period before conditioning
sessions started.
2.4. Behavioral testing
The conditioned place preference paradigm consisted of a
consecutive 8-day schedule with three distinct phases: pre-condi-
tioning, conditioning and testing.
2.4.1. Pre-conditioning
On Day 1, all chicks were placed in the middle of the conditioning
boxes with partitions removed and were allowed access to the entire
apparatus for the next 15 min. The time spent in each chamber was
recorded to assess any unconditioned preference. Our preliminary
experiment indicated that none of the subjects showed an uncondi-
tioned preference for either chamber. Considering that chicks could
differentiate between the two chamber colors (Rosenzweig, 1990),
Fig. 2. Effects of bilateral themedial striatum injections of SCH23390 or spiperone (3µg/
site) on the acquisition of morphine-induced place preference. Results are mean±S.E.
M. *, P<0.05, compared with control group; #, P<0.05, compared with aCSF–morphine
group. TR=time ratio.
Fig. 3. Effects of bilateral the intermediate medial mesopallium injections of SCH23390
or spiperone (3 µg/site) on the acquisition of morphine-induced place preference.
Results are mean±S.E.M. *, P<0.05 versus control group; #, P<0.05, versus aCSF–
morphine group. TR=time ratio.
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receivedmorphine injectionprior toplacement in thegreen side and the
others had morphine paired on the red side. All control chicks received
saline injections on both sides.
2.4.2. Conditioning
Place conditioning phase started 1 day after pre-conditioning. Chicks
were injected i.p. with saline or morphine (2mg/kg) on alternate days
and immediately placed in the saline- ormorphine-assigned chamber for
45 min. This dose ofmorphinewas chosen after a pilot study showed it to
bemost effective in inducing CPP, in line with previous studies (Bronson
et al., 1996). The chicks received only one conditioning sessionper day, in
order to reduce the inﬂuence of possible morphine withdrawal effects
when drug was absent (Cicero et al., 1997; Tzschentke and Schmidt,
1998). Conditioning was conducted over a 6-day period, counter-
balanced between saline andmorphine for a total of three saline pairings
and three morphine pairings.
2.4.3. Testing
Tests of conditioned place preference were conducted 1 day after the
last conditioning trial. The tests were similar to the pre-conditioning
phase. Subjects were placed in the middle of the box with partitions
removed and allowed free access to the entire apparatus for 15 min. No
injections were given on the day of the preference test. The amount of
time spent in each chamber was recorded.
2.5. Locomotor testing
Based on established methods (Belzung and Barreau, 2000;
Tzschentke and Schmidt, 1997), locomotor activitywasmeasuredduring
the testing phase, in a morphine-free state. Locomotion was tracked as
horizontal distance expressed as pixel (2pixels are equal to 1cm) and
recorded traveled every 5 min during a 15-min period in the drug-paired
chamber.
2.6. Statistical analysis
Place preference was assessed by time ratio (TR), which was
calculated as the (time in drug-paired chamber)/(time in drug-paired
chamber+time in vehicle-paired chamber). The greater the TR, the
more time that the subject spent in the drug-paired chamber after
conditioning. Datawere analyzedusinga two-factor repeated-measures
ANOVAwith groups (e.g. aCSF–morphine, SCH23390, spiperone) as the
between-subjects factor and test (pre-conditioning and testing) as the
within-subjects factor. For locomotor data, group differences were
tested by one-way analyses of variance (ANOVA) followed by Tukey
Honestly Signiﬁcant Difference (HSD) post-hoc test. The experimental
datawere expressed asmean±S.E.M. The level of statistical signiﬁcance
was set at P<0.05. Calculations were performed using the SPSS 10.0
statistical package.
3. Results
3.1. Morphine-induced place preference after bilateral injections of
SCH23390 or spiperone in the medial striatum
Morphine alone induced a robust place preference, which was not
reduced by spiperone butwas abolished by SCH23390 (Fig. 2). ANOVA of
these data revealed a signiﬁcant interaction between Group and Test
[F (1,22)=7.942, P<0.05]. After conditioning, the aCSF–morphine
treated chicks demonstrated robust preference for the drug-paired
chamber [F (1,11)=19.320,P<0.001], comparedwith the saline-treated
group. SCH23390 inhibited theacquisitionof placepreference inducedby
morphine [F (1, 21)=10.494, P<0.05]; while spiperone did not
[F (1, 22)=4.322, P>0.05].3.2. Morphine-induced place preference after bilateral injections of
SCH23390 or spiperone in the intermediate medial mesopallium
As shown in Fig. 3, again the aCSF–morphine group showed
increased relative time in the drug-paired compartment compared
with saline-treated controls, indicating a robust place preference
[F (1,18)=19.263, P<0.001], and injection of SCH23390 but not
spiperone was able to block the acquisition of place preference induced
by morphine [F (1,16)=9.960, P<0.05].
3.3. Psychostimulant effects of bilateral injections of SCH23390 or
spiperone in the medial striatum
Fig. 4 shows locomotor activity recorded during the testing phase
after bilateral injection of SCH23390 or spiperone in the medial
striatum during conditioning phase. One-way ANOVA showed that
the four groups differed in locomotor activity not only in the ﬁrst
5 min [F (3,43)=20.16, P<0.0001] but also in the second 5 min [F
(3,43)=11.19, P<0.0001] of a 15-min period. Post-hoc analysis in-
dicated that chicks treated with aCSF–morphine signiﬁcantly in-
creased their locomotion in the drug-paired chamber (P<0.01)
during both the 5-min periods, compared with saline controls. Fur-
thermore, intra- the medial striatum injection of SCH23390 or
spiperone, during the conditioning phase, had obviously decreased
Fig. 4. Psychostimulant effects of bilateral injections of SCH23390 or spiperone (3 µg/
site) in the medial striatum. Locomotor activity for all groups was tested 24 h after the
last conditioning session. Results are mean±S.E.M. *, P<0.01, versus control group; #,
P<0.01, versus aCSF–morphine group.
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testing phase (P<0.01), compared with aCSF–morphine groups. In
contrast, there was no signiﬁcant change in locomotor activity among
the groups during any period of the testing phase with respect to the
similar treatment in the intermediate medial mesopallium (data not
shown).4. Discussion
The present ﬁndings show for the ﬁrst time that the medial striatum
and the intermediatemedial mesopallium, two key forebrain regions, are
both involved in mediating the rewarding effects of morphine in chicks.
This outcome implies that, as in mammals, opiate-induced conditioned
place preference in chicks depends on the activation of dopamine-related
brain areas. Our results demonstrated that morphine injections, 2 mg/kg,
i.p., induced robust conditioned preference for a morphine-associated
compartment, consistent with previous ﬁndings in chicks (Bronson et al.,
1996). Hence the present conditioning procedure should be suitable for
further investigation of morphine's rewarding effects.
The role of the mesolimbic dopaminergic system in opioid reward is
well documented in mammals (Spanagel andWeiss, 1999). The present
workmay be the ﬁrst to test intra- themedial striatum administration of
the D1 receptor antagonist, SCH23390, for effects on acquisition of
morphine-induced place preference in the chick. Our results (Fig. 2)
show that bilateral microinjections of SCH23390, when coupled with
morphine in conditioning sessions, prevented the induction of prefer-
ence for the morphine-paired chamber. The avian medial striatum
(formerly termed lobus parolfactorius), is equivalent to the mammalian
caudate–putamen. The medial striatum is known to be important for
associative learning in the chick (Durstewitz et al., 1999; Matsushima
et al., 2003), and the roles of dopamine D1 receptors in such processes
have been demonstrated (Kabai et al., 2004; Matsushima et al., 2001;
Sherry et al., 2005). For example, autoradiographic studies have shown
thatD1 receptors in themedial striatumareupregulatedwithin 30 minof
avoidance training (Stewart et al., 1996). Similarly, Kabai et al. (2004)
reported that SCH23390 injected into themedial striatumbefore training
would impair performance in tests conducted 30 min after training in a
passive avoidance task. Some research strongly suggests that learning
and memory are integral to opiate addiction (Li et al., 2008; Zhai et al.,
2008). Indeed, it hasbeendemonstrated that an intact signal at dopamine
D1 receptors is critical for the acquisition of responding for conditioned
reward (Sutton and Beninger, 1999). These ﬁndings are fully consistent
with pharmaco-behavioral studies on mammals showing that theacquisition of morphine-induced place preference can be suppressed
by D1 receptor antagonists (Fenu et al., 2006; Rezayof et al., 2003;
Zarrindast et al., 2006). In light of this knowledge, it is reasonable to
suggest that D1 receptors in the medial striatum are implicated in the
mediation of motivational effect of morphine. Moreover, while condi-
tioned place preference paradigm has also been used to assess reward-
related learning as a model of learning (Aujla and Beninger, 2003), it
seems possible that SCH23390 may block learning of the association
between morphine and the contextual stimulus. In support of our
hypothesis, an increasing body of electrophysiological evidence provides
some clues to how SCH23390may be involved in synaptic plasticity that
underlies reward-related learning (Abe et al., 2009; Centonze et al., 2001;
Gurden et al., 2000; Schotanus and Chergui, 2008; Zhang et al., 2009). In
addition, no claims could be made concerning state-dependent learning
in the present study, which can be evaluated in test session conducted
following injectionofmorphine ormorphineplus SCH23390.However, it
is noteworthy that the young chick is immature in its behavior,
neuroanatomy and neurochemistry after all. It is possible that, although
it is capable of learning and of other behaviors that resemble those of
adult mammals, the underlying processes may differ from those that are
obtained in adultmammals (Rose, 2000). Accordingly, although the chick
model shows the similar responses to morphine as mammals in the
current study, the comparison between avian and mammalian species
obviously has lower stringency, so that more pharmacological experi-
ments, studying the neural bases of reward-related learning in avian
species, are necessary to improve our understanding of addiction
learning among amniotes.
Our ﬁnding that the acquisition of morphine-induced place prefer-
ence was also blocked by delivery of SCH23390 into the intermediate
medial mesopallium is quite novel (Fig. 3). The intermediate medial
mesopallium (previously termed the “intermediate medial hyperstria-
tum ventral”) corresponds to portions of the mammalian association
cortex, possibly theprefrontal and cingulate areas, andmay function as a
locus for collating signals from multimodal sensory inputs (Durstewitz
et al., 1999). In passive avoidance learning, for example, the intermediate
medial mesopallium may mediate associations between a visual image
(e.g., a colored bead) and other features (e.g., bitter taste) during
acquisition (Csillag, 1999). On the basis of these observations, we judged
that the site was a plausible mediator for the acquisition of place
preference inducedbymorphine. Present results support this hypothesis
by indicating that a blockade of dopamine D1 receptors in the
intermediate medial mesopallium disrupted a learned association
between contextual stimulus and morphine reward and in turn
attenuated morphine-induced place preference. Further support
comes from ﬁndings that dopaminergic D1 agonists do not interfere
with the early phase of passive avoidance learning in day-old chicks
(Hale and Crowe, 2002). Both the negative and the positive effects
suggest that activation of D1 receptors is associated with afferent
dopaminergic reward or aversion signals, and this association may
determine whether memory is developed for a given experiential
pairing, as with image and taste (Kabai et al., 2004).
It should bementioned, however, that SCH23390 by itself may elicit
a conditioned place aversion (Manzanedo et al., 2001) or sedation (Hale
and Crowe, 2003; Salmi and Ahlenius, 2000). Hence we cannot rule out
the possibility that its interference with morphine-induced place
preference reﬂects a place aversion that competes with morphine-
induced place preference. Future studies are therefore needed to fully
elucidate the effects of SCH23390 on behavioral functions in chicks. In
contrast, our ﬁnding that the D2 antagonist spiperone in the same sites
at a similar dose did not affect place preference induced bymorphine is
in agreement with previous indications showing that D2-like receptors
are less critical than D1-like receptors for reward-related learning
(Sutton andBeninger, 1999). In this case also, however, there is room for
further investigation since it has been reported thatD2 antagonists block
morphine-induced place preference in some studies (Leone and Di
Chiara, 1987; Suzuki and Misawa, 1995).
140 X. He et al. / European Journal of Pharmacology 627 (2010) 136–141Our study included basic locomotor observations intended to reveal
any delayed effects of SCH23390 and spiperone on locomotor activity,
24 h after the last treatment, a time at which acute effects of the drugs on
motor behavior should have ended. The results (Fig. 4) indicated that
pretreatmentwithDAantagonists in themedial striatumeitherdecreased
or eliminated morphine-induced hyperactivity in the test session.
Although the conditioned place preference paradigm is not an ideal
model to study changes in locomotor activity after repeated drug
treatments, it is worth noting that psychostimulant effects during
conditioning sessions with morphine have been previously reported
(Orsini et al., 2005). We are particularly interested to have observed that
the negative psychomotor effects of dopamine antagonists in our tests
occurred only in themedial striatum. This selectivity probably reﬂects the
different neurochemicalwiring in the striato-nigral and striato-tegmental
pathways, which are remarkably similar in birds and mammals (Székely
et al., 1994). In mammals, increased locomotor activity is considered to
reﬂect increased dopaminergic transmission in the nigrostriatal and
mesoaccumbens systems (Levens and Akins, 2001). Like these mamma-
lian systems, and unlike the intermediate medial mesopallium, the avian
medial striatum has reciprocal connections with midbrain dopaminergic
nuclei (including the ventral tegmental area and the substantia nigra),
which supply itwith strongdopaminergic input (Csillag, 1999). Therefore,
it is reasonable to infer that decreased locomotor activity by administra-
tionofDA receptor antagonists in themedial striatumreﬂects suppression
of the nigrostriatal (tegmentostriatal) dopaminergic circuit. This, how-
ever, is another issue that merits further investigation.
Overall, the present results indicate that, in day-oldmale chicks, the
medial striatum and the intermediate medial mesopallium of chick
forebrain are differentially involved in the rewarding effects of
morphine, and dopaminergic D1 receptors play a crucial role in the
acquisition of morphine-induced place preference, in accord with
previous ﬁndings in mammals. This cross-species concordance means
that the chickmodel, with itsmany advantages,may be useful in further
studies of the neurochemistry and pharmacology of addiction learning.
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